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$[s_{i}^{x}, s_{:}^{y}]=is_{i}^{z}$ , $[s_{i}^{y}, s_{i}^{z}]=is_{i}^{x}$ , $[s_{i}^{z}, s_{i}^{x}]=is_{:}^{y}$ . (1)
$s_{i}^{x},$ $s_{i}^{y},$ $s_{i}^{z}$ $i$ $x,$ $y,$ $z$ $i$
$j$ $J$ $J(s_{i}^{x}s_{j}^{x}+s_{i}^{y}s_{j}^{y}+s_{i}^{z}s_{j}^{z})$
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$<i,j>$
$H$ :
$H=-J \sum_{\langle i,j\rangle}(s_{i}^{x}s_{j}^{x}+s_{i}^{y}s_{j}^{y}+s_{i}^{z}s_{j}^{z})$ (2)
$H$ Heisenberg
1/2 $i$ $s_{i}^{z}$ 2
up down ( $S$ $n=2S+1$





1925 Ising[5] 1 1941
Kramerse Wannier[6] 1943 [7]
2 Ising 1944 Onsager[8]
$s_{i}^{\pm}=(s_{i}^{x}\pm is_{i}^{y})/2$




up-down $s_{i}^{-}s_{j}^{+}$ $0$ up-down $l_{\llcorner}^{-}$
up-down $(s_{i}^{+}s_{\overline{j}}+s_{i}^{-}s_{j}^{+})/2$ down-up
2 ip 2 flip
$s_{i}^{x}s_{j}^{x}+s_{i}^{y}s_{j}^{y}$ XY $H$ 2 nip
Ising 1 1962 [9]
1967 Niemaijer[10] $z$ $H^{z} \sum_{i}s_{i}^{z}$
Ising $x$ $H^{x} \sum_{i}s_{i}^{x}$ Ising (transverse
Ising ) 1 1/2 transverse Ising




















2 Ising 1 XY 1 XY
1 transverse Ising 2 Ising
2 1
XY 2 Hip Ising
1 transverse Ising Ising 1 ffip
transverse
2 six-vertex 1 Heisenberg (XXZ ),
2 eight-vertex 1 XYZ
3 lsing
1996 - - [16]
1 2 1 2










$\lambda_{BB},$ $\lambda_{WW},$ $\lambda_{BW}$ $A$ $A/m$
$\lambda_{BB}=\lambda_{WW}$ Ising up,
down up-up down-down
$-J/4$ ( - - $\lambda_{BB}=\lambda_{WW}$ ),













$\rho_{B}$ 1/2, $z$ 1 $z=2$ , 2
$z=4$
161
2: $A/m$ (a) $A/m=-2$ . $(b)A/m=-1$ . $(c)A/m=0$ . $(d)A/m=0.6$ .







1 XY 1 transverse Ising 1 XY
1 transverse Ising spin up down XY
2 Hip transverse 1 nip Ising




$S$ $S$ $n$ $n=2S+1$
$H= \sum_{\langle i,j\rangle}J_{mn}(s_{i}^{z})^{m}(s_{j}^{z})^{n}-H^{z}\sum_{i}s_{i}^{z}-H^{x}\sum_{j}s_{i}^{x}$ (4)
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